The article consists of two parts. In the first section the concepts of sociodynamics are briefly explained. Sociodynamics is a general modelling strategy for the quantitative description of dynamic processes in the human society. The central concepts of sociodynamics include transition rates depending on dynamic utilities and the master equation for the probability distribution over macrovariables. From it the set of nonlinear coupled differential equations for the quasi-meanvalues of the macrovariables can be derived.
In the second part this modelling strategy is applied to two "windows of perception" of the evolution of settlement structures: one model refers to the relatively fast urban evolution on the microscale and the other refers to the relatively slow regional evolution on the macroscale.
The micromodel considers the urban structure as a system of sites on which different kinds of buildings (dwellings, schools, stores, service-stations, factories...) can be erected. The step by step evolution of the city configuration is treated as a stochastic process guided by utility considerations. The sociodynamic formalization of this concept leads to equations for the evolution of the urban city configuration. Numerical simulations illustrate this urban "microdynamics'.
The macromodel treats the settlement formation in a region on a more global scale. The evolution of the density of economically active populations who produce and consume goods is considered. The driving force of density changes is the spatial difference of incomes motivating the individuals to migrate to locations of optimal income. This nonlinear process leads to the self-organisation of spatially heterogeneous population distributions forming the settlements. Their micro-structure can thereupon be treated by the micromodel. [1] . The concepts of synergetics have been applied so far to physical, chemical and biological systems.
Since the human society is also a complex multicomponent system, it was a challenge to apply the principles and the mathematical algorithms of synergetics to this object of the social sciences, too. However, there arises a fundamental difficulty: in contrast to comparably complex systems of physics and chemistry there do not exist fundamental dynamic equations of motion for the elements of the human society, namely the individuals.
Therefore some of the mathematical concepts of synergetics could not become directly operational in the social sciences.
In spite of that dilemma we shall now see that it is possible to develop a conceptual scheme for the mathematical treatment of collective dynamic processes in the society in terms of evolutionary equations. We denote this modelling strategy which allows the application of synergetic concepts to the description and explanation of the macrostructure and -dynamics of the society as sociodynamics [2, 3] . This field therefore provides a further step into interdisciplinarity because it allows for a transfer of methods and concepts from statistical physics and synergetics to the social sciences.
So far the modelling procedures of socio- dynamics have been applied to the migration of populations [2, 4] , to political opinion formation [5] , to dynamic phenomena in the economy [6, 7] and to the evolution of regional settlement structures [8, 9] . In this paper we present a sociodynamic modelling approach to the evolution of urban structures (see Section 3) .
We now give a brief general description of the steps of the sociodynamic modelling procedure.
Step Step 2 Measures for the "Utility" of 
Configurations
The state of the social system, which can be macroscopically characterized by the variables (n, m) is now estimated and valuated by the members of this system. Let u/(n,m) be a measure of the (subjective) "utility" or "desirability" attributed to the state (n,m) and valuated by a member of subpopula- 
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It should be mentioned, that the "utility" uff(n, m) not only includes the valuation of "material values" but also (via n) the (positive or negative) estimation of "abstract attitudes and actions" of the other members of the social system).
The choice of u/(n,m) represents the core of model building because it reflects the social psychology of the members of the society.
Step 3 In the simplest case, the most plausible form of p{n',m'; n,m} fulfilling all conditions is therefore p{n',m';n,m} vexp{u(n',m') u(n,m)}, where u(n, m) is chosen as a weighted mean of the utilities seen by the actors who give rise to the transition {n, m} We see that by step (3) the utilities have now obtained a dynamical meaning. They are responsible for the magnitude of transition rates and thus for the dynamics of the system. They are therefore also denoted as "dynamic utilities" or "motivation potentials" to show that they are introduced into a dynamic framework which is different from the stationary (equilibrium) framework of neoclassical economics.
Step 4 In constructing a model for the urban microevolution it is allowed to consider some global regional parameters (e.g. referring to the global regional population or the global regional stage of industrialisation) as given environmental conditions and to describe the fast local microdynamics as developing under these global conditions.
On the other hand, in constructing a model for the regional rnacroevolution it is allowed to presume that a corresponding fast microevolution takes place which adapts the local microstructures to the respective slow variables of the global development.
In view of this possibility of a separate consideration of the micro-and macroperspective of settlement evolution we shall present in the next sections the design principles of a micromodel for the urban and of a macromodel for the regional evolution.
THE DESIGN PRINCIPLES OF A MICROMODEL OF URBAN EVOLUTION ON THE MICROLEVEL
In constructing a model for the urban evolution on the rather detailed level of individual building plots or sites we follow the general modelling strategy described in Section 1. The modelling scheme consists of the following steps: Step ''fortearing down processes.
Step Step 4 
Evolution Equations for Configurations
The transition rates which depend on utility differences between neighboring configurations are the starting point for setting up evolution equations for the configurations. Exactly speaking, the rates are probability transition rates per unit of time. The exact equation corresponding to these quantities is the master equation for the probability P(x,y;t) to find the configuration From the master equation there can easily be derived exact equations of motion for the meanvalues j(t), )j(t) of the components x, y of the city configuration, which are defined by j(t) Z xjP(x, y; t), {x,y} yj(t) Z yjP(x, y; t). {x,y} (3.14)
They read:
where the bars on the right-hand side mean taking meanvalues with the probability distribution P(x,y; t). The quasi-meanvalues cj(t),fj(t) 
('(t), (t)), (3.17) dyj(t) .}()('(t), (t)) ()((t) (t)). dt
For unimodal probability distributions P(x, y; t) the quasi-meanvalues approximate the true meanvalues; however, in the case of multimodal probability distributions the quasi-meanvalues no longer approximate the meanvalues; instead they approximate the true trajectories of the evolution of the city configuration.
In Figs. and 2 we exhibit a few selected results of simulations based on the model of urban evolution discussed above.
THE DESIGN PRINCIPLES OF A MODEL FOR THE REGIONAL EVOLUTION OF SETTLEMENT STRUCTURES ON THE MACROLEVEL
The "space-time window of perception" of a macromodel is open towards the more coarsegrained spatial structures and the slow temporal evolutions. On the other hand, the fast processes on each local site are averaged out here, since we look at the slow evolution on the regional scale only. Therefore global variables are needed which represent the regional processes and structures.
The proposed macromodel is designed according to the following principles (for details see [8, Let us formulate these principles in mathematical form. We consider A productive populations 7, a 1,2,..., A, each producing for simplicity only one kind of commodity composed of units Ca. Furthermore we assume two service populations, the landowners Pa renting premises to the producers and the transporters P dispatching the goods of the producers. The form (4.2) of ")'a expresses an "economy of scale" in the production of commodity Ca. If the productivity exponent is aa > 0, the production density grows more than proportional to n(x, t).
This will be true for many industrial goods, whereas for agrarian goods the production density grows less than proportional to n(x,t), which amounts to a productivity exponent aa < 0. [8, 9] The form of this rate, which has been substantiated in [5] , is r(x', x; t) # exp[u(x', t) u,(x, t)], (4.14) where the "dynamic utility" u(x,t), which is sometimes also denoted as motivation potential, is a measure of the attraction of location x' to a member of population 7 at time t.
A plausible assumption in the frame of our simple model is that u(x,t) is proportional to the local individual net income (x, t), i.e.
us(x, t) fl(x, t), Section 5) .
At the end of this short presentation of the macromodel we exhibit the interrelation of its construction elements in schematic form (Fig. 3) . A final remark should be made about the connection between the macromodel of Section 4 and the micromodel of Section 3. As the following simulations show the macromodel demonstrates that global population agglomerations on a regional scale can arise by migration from a hinterland into an urban area taking shape due to certain economic production laws and migration decisions.
Thereupon the micromodel considers the decision mechanisms how the slowly varying total urban population exerts a population pressure which in turn leads on the local level of sites to the organisation of differentiated urban substructures.
We now present the result of numerical solutions of Eq. (4.12) in the case of only two productive populations which can be interpreted as "peasants" (c=p)and "craftsmen" (c=c). (for details of the calibration of the model see [9] ).
CONCLUSION AND OUTLOOK
The two models of Sections 3 and 4 have demonstrated how the concepts of sociodynamics can be applied to the modelling of evolution processes of settlements on different spatial scales. Refinements and extensions are possible and remain to be done. A natural task for further work consists in the concrete matching of the regional and the urban model: the regional macromodel yields the global evolution of population densities, whereas the micromodel is capable of describing the evolution of detailed urban structures under the influence of growing population pressure. This matching problem will be treated in a forthcoming paper. Refined versions of the models should also take into account important empirical regularities of settlement evolution like the Leo Klaassen cyclic stages of urbanisation, suburbanisation, disurbanisation and reurbanisation (see [10, 11] ).
